. The organization of the nar locus is shown in Fig. 1 .
in the same direction ( Fig. 1) , we concluded that they are unlikely to const'itute a simple operon of promoter-narXnarL (43) . Current evidence suggests that narL is transcribed from the narX promoter as well as from a second promoter located within the narX coding region (V. Stewart, unpublished observations).
We report here the DNA sequence of the narXL region. The predicted sequences of NarL and NarX are similar to those of two-component regulatory systems (reviewed in reference 35). Our comparative analyses show that the sequences of both NarL and NarX help to define distinct subclasses within these families. (These sequence data will be submitted to the GenBank 'nucleotide sequence data base.) DNA sequencing. Variois restriction fragments from the narXL region were subcloned into M13mp vectors with the host strain JM101 (53) . Routine procedures were us'ed for ligation, transformation, and other methods (6) . Sequpnces were determined by the dideoxynucleotide chain termination method with modified T7 DNA polymerase (45) and [or- 35S]dATIP labeling (3) . In many cases, internal oligonucleotide primers were used to extend the sequence information from a given clone (1) . Compression artifacts and 'other ambiguities were resolved by using dITP in place of dGTP (1) . The (18) with an averaging length of 19 residues (7) .
DNA sequence of narXL. The DNA sequences of narX and narL are shown in Fig. 2 (Fig. 2) . Conceptual translation of narX yields a 544-residue polypeptide (NarX) with an Mr of 61,489 (Fig. 2) . This value compares with the estimated Mr of 66,000 determined in maxicells (43) . Hydrophilicity analysis revealed only a single extended hydrophobic region (17 residues; positions 104 to 120). It seems likely that NarX is a soluble protein, although it is conceivable that this 17-residue hydrophobic region spans the membrane (9) . Subcellular localization of NarX awaits further experiments.
Conceptual translation of narL yields a 216-residue polypeptide (NarL) with an Mr of 23,899 (Fig. 2) . This value compares with the estimated Mr of 28,000 determined in maxicells (43) . Hydrophilicity analysis revealed no extended regions of hydrophobicity. NarL is most likely a soluble protein.
The sequences of narX and narL overlap by 8 base pairs: ATGAGTAA (Fig. 2) . We determined the sequence in this region several times with a variety of clones and primers. No other credible translation initiation sites exist for narL. The similarity of the predicted NarL amino terminus to those of other regulatory proteins (see below) further supports this coding assignment. The biochemical basis for signal transduction has been most thoroughly studied with the NtrB-NtrC and CheACheY pairs. NtrB (22, 32, 49) and CheA (17, 52) are protein kinases that are autophosphorylated on a histidine residue (15, 49, 52) . The phosphorylated forms of these proteins then transfer phosphate to NtrC (22, 49) and CheY (16, 52) , respectively. The phosphorylated residue in NtrC is an aspartate (49) located in the amino-terminal domain (22) .
Phosphotransfer is regulated by PI, (22, 32, 49) (23) .
We compared the predicted NarX and NarL sequences by visual inspection with those of several other two-component pairs. Alignments were made with a minimum of gaps (7) . Comparisons presented here are with the following sensorregulator transcription regulators: DegS-DegU, which controls extracellular enzyme synthesis in Bacillus subtilis (14, 24); UhpB-UhpA, which controls hexose phosphate uptake in E. coli (37, 50); FixL-FixJ, which controls nitrogen fixation in Rhizobium melifoti (5) ; PhoR-PhoB, which controls the phosphate regulqn in E. coli (46) ; EnvZ-OmpR, which controls outer memitEane protein synthesis in E. coli (12); and CpxA-SfrA, which controls surface properties in E. coli (2, 30) . SfrA also regulates aerobic' enzyme synthesis (20) .
Sequence comparisong with NarL. NarL shows aminoterminal similarity to afl regulator proteins examined (Fig.   3 ). The carboxyl'terminal domain of NarL shares only short patches of similarity with PhoB, OmpR, and SfrA, but it is strikingly similar to the analogous regions of DegU, UhpA, and FixJ ( Fig. 3 and Table 1 ). Distinct carboxyl-terminal similarities shared bJ this latter group, in comparison with OmpR-type sequences, include the regions corresponding to NarL residues 166 to 183 and 197 to 207 and the 9-residue gap between NarL residues 183 and 184 ( (25, 34, 44 ; reviewed in reference residues within their amino-terminal domains ( Fig. 3 and  35 ). NarX shares patches of carboxyl-terminal similarity Dashes indicates gaps. Analogous residues are Arg-His-Lys, Asn-Gln, Asp-Glu, Ile-Val, Leu-Met, and Ser-Thr (7) . Initial alignments followed those previously published for other sequences (44, 51) and were adjusted by visual inspection in an attempt to maximize similarities to NarL or NarX while minimizing gaps (7) . Sequences were from the following references: t)egS-DegU (14, 24), UhpB-UhpA (10) , FixJ-FixL (5) , PhoR (29) , PhoB (28), EnvZ-OmpR (4) , CpxA (48) , and SfrA (8) . T   358  202  326  257  226 256 262 (10) a Values were determined from the alignments shown in Fig. 3 and are reported as the total number of identical residues (analogous residues) at corresponding positions in each region. Analogous residues are defined in the legend to Fig. 3. distinguished by at least three regions of shared similarity (Fig. 3) : the environment surrounding His-345 of NarX (residues 340 to 353); an alteration in the sequence GlyLeu-Gly-Leu (e.g., residues 419 to 422 of CpxA), which is highly conserved among most known sensors (25, 34, 44) ; and the much shorter carboxyl-terminal extension beyond the Gly-Leu-Gly-Leu region (beginning with NarX residue 524). However, the distinction is not absolute. For example, NarX and CpxA are identical at seven of eight residues in the region immediately preceeding the Gly-Leu-Gly-Leu motif (residues 510 to 523 to NarX); NarX, DegS, and UhpA share little similarity over the same region ( Fig. 3 Functions of NarL and NarX. Available data strongly suggest that NarL is a DNA-binding regulator of transcription (40) . The role of NarX is less clear. Our sequence comparisons suggest that NarX is the sensor component for a NarX-NarL two-component regulatory pair. On the other hand, all narX insertion mutations examined have only subtle effects on nitrate induction of narGHJI expression, while all narL insertion mutations studied eliminate this induction (42, 43 ; V. Stewart, unpublished data). Therefore, NarX is not absolutely required for NarL to function as a transcription activator. Analogous observations with other two-component pairs have led to the idea that regulators may be controlled by multiple sensors, a phenomenon termed "crosstalk" (33, 47 ; reviewed in reference 35). If a sensor other than NarX is also involved in controlling NarL, then signal transduction via that sensor must be both efficient and specific for nitrate (43) .
Alternatively, narX insertions could affect narGHJI induction only because they reduce narL expression. Substantial (albeit reduced) narL expression occurs in narX insertion mutants (V. Stewart, unpublished observations). However, narX insertions nearly eliminate nitrate repression of frdABCD expression (42) , a phenotype that is difficult to explain by a relatively minor decrease in narL expression. Perhaps the major function of NarX is to convert NarL to a repressor conformation. The role of narX+ in mediating nitrate regulation remains to be defined (Fig. 1) .
NarL activates transcription of some operons (narGHJI, narK, and chiD) and represses transcription of others (frdABCD and pfl) in response to nitrate (19, 21, 31, 36, 40, 42, 43) , providing an economical hypothesis for at least part of the coordinate regulation of anaerobic metabolism by nitrate (19; Fig. 1 
